Prospective epidemiological studies suggest that hyperinsulinaemia, both fasting and postprandial, can be an independent risk factor for the development of cardiovascular disease in non-diabetic subjects [1, 2] . Hyperinsulinaemia or insulin resistance or both have been hypothesized to have a major role in dyslipaemia in subjects with both normal and impaired glucose tolerance [3±5]. Hyperinsulinaemia appears to enhance hepatic VLDL synthesis [6, 7] and thus could directly contribute to the increased triglyceride and LDL cholesterol values found in these subjects [6, 7] .
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Summary Girls with a history of premature pubarche, i. e. appearance of pubic hair before 8 years of age, show hyperinsulinism in response to an oral glucose tolerance test. As hyperinsulinaemia has a major role in dyslipaemia, and is considered an independent risk factor for cardiovascular disease, we assessed the patterns of plasma insulin concentration after a standard oral glucose tolerance test as well as fasting serum lipid, lipoprotein, and sex hormone-binding globulin concentrations in girls (n = 81) with premature pubarche compared with girls (n = 55) matched with them for stage and bone age to ascertain their metabolic states to identify those potentially at risk for the development of premature cardiovascular disease. Mean serum insulin concentrations were higher in patients at all pubertal stages, and associated with elevated serum triglyceride, very low density cholesterol and very low density triglyceride concentrations (p value range 0.04 to < 0.0001) but reduced sex hormone-binding globulin. Premature pubarche patients also displayed higher low density to high density lipoprotein cholesterol ratios compared with control subjects (p = 0.004 to 0.008). In conclusion, hyperinsulinaemia, decreased sex hormone-binding globulin concentrations and an unfavourable lipid pattern are common features in premature pubarche girls supporting the contention that atherogenic abnormalities composing the metabolic syndrome could start in childhood. To determine the clinical sequelae of such clustering of metabolic deviations, girls who were identified need to be followed up for the potential development of premature cardiovascular disease. [Diabetologia (1998) 41 : 1057±1063] Keywords Premature pubarche, hyperinsulinism, hyperandrogenism, dyslipaemia, cardiovascular disease.
unique apolipoprotein, apo (a) [15] , are an independent risk factor for premature ischaemic disease, even in the presence of normal concentrations of other lipid parameters [16] . Lp(a) concentrations are strongly determined genetically, depend on the size of the apo(a) allele, and generally show little variation within a given person [17] .
Girls with a history of premature pubarche, defined as the early appearance of pubic hair before 8 years of age [18] , have an increased incidence of ovarian hyperandrogenism in adolescence, and show more hyperinsulinism after an oral glucose tolerance test than normal girls matched with them for age and body mass index [19, 20] . The hyperinsulinaemia is detectable before the onset of puberty, throughout all stages of pubertal development and is accompanied by decreased sex hormone-binding globulin (SHBG) values [21] .
Hyperinsulinaemia or insulin resistance or both are common features in lean and obese women with polycystic ovary syndrome, a form of ovarian hyperandrogenism [22, 23] . They are usually associated with an atherogenic lipid profile, namely, increased triglyceride and LDL concentrations and decreased HDL concentrations [24±26] . The lipid disturbances seem to be more associated with the hyperinsulinaemia than with the degree of androgen excess [25] .
Our study aimed to ascertain whether the hyperinsulinism usually present in premature pubarche girls is accompanied by an abnormal lipid and lipoprotein pattern, in order to identify a subset of young patients potentially at an increased risk for the development of premature cardiovascular disease.
Subjects and methods
Study groups. We studied 81 premature pubarche girls (age range: 5.9±18 years) and 53 pubertal control subjects matched for stage and bone age [27, 28] (age range: 7±18 years). Subjects were divided into four groups according to their Tanner stage of breast development [28] : prepubertal (B1), early pubertal (B2), midpubertal (B3) and postmenarcheal (B5). All girls in groups B1-B3 were premenarcheal. In all patients, premature pubarche was secondary to premature adrenarche, namely, they presented with elevated androstendione or dehydroepiandrosterone-sulphate concentrations or both at premature pubarche diagnosis [29] . None of the subjects had been studied previously and 37 (26 patients and 11 control subjects) were assessed longitudinally.
None of the subjects had acanthosis nigricans, thyroid dysfunction, Cushing syndrome, hyperprolactinaemia, late-onset congenital adrenal hyperplasia [30, 31] , a family or personal history of diabetes mellitus, a family history of premature cardiovascular disease, or was receiving medications known to affect lipid metabolism. Body mass indexes, the weight (kg) divided by height (m 2 ), were similar in patients and control subjects within the same pubertal stage and were within the normal range in all subjects [32] .
All subjects were on similar and unrestricted diets during the study. The protocol was approved by the institutional review committee at our hospital. Informed consent from patients or from their parents was obtained, as well as assent from minors. The baseline clinical characteristics of all groups are depicted in Table 1 .
Patterns of insulin secretion. After 3 days of a daily high carbohydrate diet (300 g) and an 10-h overnight fast, all subjects were given a standard 1.75 g/kg body weight (maximum 75 g) 2-h oral glucose tolerance test starting at 0800 hours. At 0, 30, 60 and 120 min after oral glucose was given blood was sampled for glucose and immunoreactive insulin measurements. The fasting insulin resistance index was calculated as the product of the fasting serum insulin (mU/ml) and the fasting serum glu- cose (nmol/l) divided by 25 [21] . All subjects had normal glucose tolerance according to the Expert Committee on the Diagnosis and Classification of Diabetes Mellitus criteria [33] .
The areas under the curve for glucose [mean serum glucose (MSG)], and insulin [mean serum insulin (MSI)] were calculated according to the trapezoidal rule. The initial insulin response to glucose (IRG), the glucose uptake rate in peripheral tissues (M value) and the degree of peripheral sensitivity to insulin (SI) were estimated simultaneously during the oral glucose tolerance test as described previously [20, 21, 34] . Serum glucose was measured by the glucose oxidase method. Immunoreactive insulin was assayed by IMX (Abbott, Madrid, Spain). The mean intra-and interassay coefficients of variation were 4.7 and 7.2 %, respectively. Individual values within 2SD of that of the control group were considered as within the normal range.
Lipid and lipoprotein measurements. Serum lipids and lipoproteins were measured from the baseline blood samples during the oral glucose tolerance test and LDL was calculated by the Friedewald formula. Lipoprotein fractionation was done using ultracentrifugation with a Centrikon T-1035, rotor type TFT 45.6 ultracentrifuge (Kontron International, Zurich, Switzerland). Total HDL was isolated by selective precipitation with phosphotungstic acid-magnesium chloride and measured by the CHOD-PAP method [35] . Serum and lipoprotein cholesterol and triglycerides were measured using CHOD-PAP and GPO-PAP based methods, respectively in a Hitachi 917 autoanalyser (Boehringer Mannheim, Mannheim, Germany). The mean intra-and interassay coefficients of variation were 2.2 and 2.0 %, respectively. Apolipoproteins Apo A-I and Apo B were determined by kinetic nephelometry using specific antibodies (Boehring Nephelometer Analyser). Apo C-II, Apo C-III and Apo E were measured by radial immunodiffusion (Daichii, Tokyo, Japan). Serum Lp(a) was measured by an enzymatic immunoassay (Macra Lp(a), Terumo Medical Corporation, Elkton, Md., USA). The intra-and interassay coefficients of variation were 2.3 and 5.09 %, respectively.
Androgen measurements. Serum SHBG and total testosterone were measured from baseline blood samples; SHBG was determined by RIA using monoclonal anti-SHBG antibodies [34] , and testosterone was measured using a commercially available RIA kit (Diagnostic Products Corp., Los Angeles, Calif., USA) [20] . The free androgen index, equivalent to free testosterone was calculated according to the following formula: [testosterone (nmol/l)´100/SHBG (nmol/l)] [21, 34] .
All samples were immediately centrifuged, and serum was separated and frozen at ±20°C until assayed.
Statistical analysis. Anthropometric data and hormonal results are expressed as the mean ± SEM unless otherwise stated. The Mann-Whitney nonparametric test was used to compare lipid and hormonal values among independent groups. Correlations were examined by using the Spearman's correlation test. P values less than 0.05 were considered significant.
Results
Clinical data (Table 1) . Body mass indexes did not differ significantly between patients and control subjects within the same Tanner stage. Mean systolic and diastolic blood pressure values were similar in patients and control subjects and were within the normal range in all subjects.
Androgen indexes, SHBG values and patterns of insulin secretion (Table 2) . Patients had lower SHBG concentrations at B1, B3 and B5 (p = 0.001; p = 0.01 and p < 0.0001, respectively), and higher free androgen indexes at B3 and B5 (p = 0.005 and p = 0.0002, respectively) compared with control subjects.
The fasting insulin resistance index was similar in patients and control subjects within the same Tanner stage, although premature pubarche girls tended to show higher values.
Patients and control subjects showed similar MSG concentrations but those of MSI were higher in patients at all Tanner stages, as expected (p = 0.02; p = 0.02; p < 0.0001 and p = 0.009 for B1, B2, B3 and B5, respectively). Similarly, patients showed higher IRG at B3 and B5 (p = 0.004 and p = 0.003, respectively), higher M values at B1 and at B2 (p = 0.009 and p = 0.02, respectively), and lower SI indexes at B3 and B5 (p = 0.01 and p = 0.01, respectively). All statistical differences persisted after adjustment for BMI.
Lipid and lipoprotein profile (Table 3) . Serum triglyceride concentrations were higher in patients than in control subjects throughout puberty (p = 0.01; p = 0.006; p = 0.04 and p = 0.01 at B1, B2, B3 and B5, respectively). Patients showed higher total cholesterol concentrations at B3 and B5 (p = 0.04 and p = 0.004, respectively), lower HDL concentrations at B2 (p = 0.003), higher LDL concentrations at B5 (p = 0.01), and higher VLDL-cholesterol and VLDL-triglycerides at all pubertal stages (p values ranging from 0.02 to < 0.0001). As a group, patients showed higher triglyceride, total cholesterol, LDL, VLDL-cholesterol and VLDL-triglyceride concentrations than control subjects (p < 0.0001; p = 0.001; p = 0.01; p = 0.02 and p = 0.01, respectively). Apo A-I, Apo B and Apo C-II, Apo C-III and Apo E concentrations were similar in patients and control subjects at all pubertal stages tested except at B3, where premature pubarche girls showed higher Apo B and Apo C-II values (p = 0.02 and p = 0.03, respectively).
The LDL to HDL ratio was significantly higher in patients than in control subjects throughout puberty, while the Apo A-I/Apo B and HDL to Lp(a) ratios showed no statistical differences between the two groups (data not shown). All statistical differences among groups persisted after adjustment for BMI.
The frequency distribution of Lp(a) concentrations showed that values less than 0.10 g/l were most frequent in control subjects (79 vs 53 % of patients). The percentage of subjects with Lp(a) values greater than 0.30 g/l was similar in patients and control subjects (4 vs 5.1 %, respectively) ( Fig. 1) .
Correlations. Mean serum insulin concentrations correlated positively with those of triglyceride in all subjects (r = 0.51, p < 0.0001) (Fig. 2) , and with the fasting insulin resistance index in patients only (r = 0.52, p = 0.02). Among others, significant correlations were found between MSI and LDL and between SI indexes and triglyceride concentrations in patients (r = 0.35, p = 0.003 and r = ±0.5, p = 0.004, respectively).
Serum SHBG correlated inversely with the MSI and with triglyceride concentrations in all subjects (r = ±0.52, p < 0.0001 and r = 0.37, p = 0.0006, respectively).
No correlations were found between the different lipid variables tested and the BMI, between the levels of lipids or insulin and blood pressure values, between Lp(a) levels and serum lipids, or between lipid and lipoprotein values and the adrenal androgen concentrations at premature pubarche diagnosis.
Discussion
Premature pubarche girls consistently have more hyperinsulinism, and higher triglyceride, VLDL-cholesterol and VLDL-triglyceride concentrations than normal girls both prepubertally and throughout puberty. The lipid profile is further characterized by higher LDL to HDL ratios, decreased HDL and increased LDL concentrations, and higher total cholesterol at most of the pubertal stages tested. Serum triglyceride concentrations were positively correlated with those of MSI and inversely with those of SHBG in all subjects. This distinct lipid profile in premature pubarche patients cannot be explained by differences in BMI compared with control subjects, but seems to be more related to hyperinsulinaemia and to the degree of androgen excess, as documented by the above correlations. This agrees with recent studies showing that per cent body fat is correlated with insulin sensitivity but has no relationship with plasma lipid concentrations [14] . Similarly, the male pattern of lipoprotein lipid concentrations usually present in women with androgen excess, cannot be explained solely by differences in body weight or composition; hyperandrogenaemia and insulin resistance seem to be the major contributors to their atherogenic lipid pattern [24±26, 36±38].
Blood pressure was normal in all patients and neither the systolic nor the diastolic values showed correlations with the serum concentrations of lipids or insulin tested. Hypertension and insulin resistance are frequently associated with an increased risk of cardiovascular disease [39] . Hypertension does not develop, however, in all insulin-resistant subjects, and not all hypertensive patients have insulin resistance and hyperinsulinaemia [39] . Previous studies have shown significant correlations between diastolic blood pressure and insulin sensitivity as well as insulin concentrations in prepubertal children [14] . The method we used to estimate insulin sensitivity might account in part for the lack of a relation among these variables.
In population-based studies, hyperinsulinaemia has been associated with altered lipid concentrations, especially elevated triglycerides and total cholesterol and decreased HDL [4, 6] . Serum triglycerides are correlated with insulin concentrations both in patients with primary hypertriglyceridaemia and in healthy subjects [6, 12, 13] . Increased fasting triglyceride is an independent risk factor for atherosclerosis [13] and values above 1.69 mmol/l have been associated with an increased risk of cardiovascular death [40] . In our group of premature pubarche girls, the most consistent finding was an increase in serum triglyceride, VLDL-cholesterol and VLDL-triglyceride concentrations at all pubertal stages. Forty per cent of patients showed triglyceride values above the mean + 2SD of those found in pubertal stage-matched control subjects, and in half of them the values were greater than 1.69 mmol/l.
Increased LDL to HDL ratios were found in patients throughout puberty and were associated with elevated total cholesterol, Apo B and Apo-CII levels at midpuberty and higher total cholesterol concentrations postpubertally. High levels of LDL and of its carrier protein, apo B, and decreased HDL and Apo-AI concentrations have also been deemed independent risk factors for the development of premature cardiovascular disease [40] .
The frequency distribution of Lp(a) concentrations showed that the per cent of subjects with Lp(a) values greater than 0.30 g/l, considered to contribute to a greater extent to atherogenesis, was similar in patients and control subjects. Serum Lp(a) track from childhood and little variation in its levels are observed after 5 years of age [41] . Interestingly, Lp(a) levels less than 0.10 g/l were found most frequently in control subjects suggesting that the increased androgens in premature pubarche girls might exert a regulatory role on serum Lp(a) levels due to their capability to influence hepatic metabolism pathways of this glycoprotein [42] .
Our results seem to support the contention that the cluster of risk factors for cardiovascular disease development already starts in childhood [12±14] . Therefore, pathophysiological connections between hyperinsulinaemia and dyslipaemia can be hypothesized. Insulin stimulates the proliferation of arteriolar smooth muscle cells, augments collagen synthesis in the vascular wall, increases the formation of lipid plaques and enhances the production of plasminogen activator inhibitor type I [43, 44] . The increased insulin concentrations concurrent with the altered lipid profile might begin this process already in the prepuber- tal period [13, 14, 41] . The addition of decreased SHBG and increased insulin levels can subsequently favour the development of Type II diabetes mellitus, which conveys a further higher risk for cardiovascular disease in these patients [21, 45] .
In conclusion, hyperinsulinaemia, increased serum triglyceride, VLDL-cholesterol, VLDL-triglyceride and LDL to HDL ratios are common features in premature pubarche girls from childhood, supporting the supposition that the cluster of highly atherogenic abnormalities of syndrome X can start in childhood. These findings emphasize the supposition that premature pubarche is not a benign condition and we recommend follow up of these patients through adulthood to ascertain whether they are potentially at risk for the development of premature cardiovascular disease.
